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(54) Biosensor with flow channel 

(57) A biosensor is provided that comprises a sub- 
strate, a reagent positioned on the substrate, and a cov- 
er including a first surface coupled to the substrate and 
a second surface. The first surface is carved so that it 



includes a flow channel therein. The flow channel ex- 
tends over at least a portion of the reagent. In addition, 
the cover includes secondary channels extending on ei- 
ther side of the channel. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a biosensor and particularly to biosensor that includes a channeled cover. 
Background and Summary of the Invention 

[0002] Electrochemical biosensors are known. They have been used to determine the concentration of various an- 
10 a|ytes from biological samples, particularly from blood. Biosensors are described in U.S. Patent Nos. 5,413,690; 
5,762,770; 5,798,031 ; and 5,997,81 7, the disclosure of each of which are expressly incorporated herein by reference. 
[0003] Laser ablation is a known technique that uses a laser to remove a material. See, for example, U.S. Patent 
Nos. 5,576,073 and 5,593,739 and International W098/35225, the disclosure of each of which is expressly incorporated 
herein by reference. Such known laser ablation systems use a high power excimer laser, such as a krypton fluoride 
15 excimer laser with an illumination wavelength of 248 nanometers, to remove surface material. 

[0004] According to the present invention a biosensor is provided. The biosensor comprises a substrate, a reagent 
positioned on the substrate, and a cover. The cover includes a first surface coupled to the substrate and a second 
surface. The first surface has a flow channel carved therein that extends over at least a portion of the reagent. 
[0005] According to another aspect of the present invention, a biosensor is provided. The biosensor comprises a 
20 substrate, a. reagent positioned on the substrate, and a cover coupled to the substrate. The cover includes opposite 
ends, a first surface coupled to the substrate, and a second surface. The first surface has a flow channel carved therein. 
The flow channel extends between the opposite ends. 

[0006] In still another aspect of the present invention, a method of forming a biosensor is provided. The method 
comprises the steps of providing a substrate and a cover that has first and second surfaces, applying a reagent onto 
25 the substrate to define a reaction zone, carving a channel in the first surface of the cover, and coupling the cover on 
the substrate so that the channel extends over at least a portion of the reagent. 

[0007] Additional features of the invention will become apparent to those skilled in the art upon consideration of the 
following detailed description of the preferred embodiment exemplifying the best mode of carrying out the invention 

30 Brief Description of the Drawings 

[0008] The detailed description particularly refers to the accompanying figures in which: 

Fig. 1 is an exploded assembly view of an electrochemical biosensor in accordance with the present invention 
35 showing the biosensor including a substrate, a reagent, and a cover; 

Fig. 2 is a bottom perspective view of the cover Fig. 1 ; 

Fig. 3 is an end view of the biosensor of Fig. 1 ; 

40 

Fig. 4 is a view taken along lines 4-4 of Fig. 1 ; 

Fig. 5 is a view taken along lines 5-5 of Fig. 1 ; 

45 Rg. 6 is an exploded assembly view of a biosensor in accordance with another aspect of the invention, showing 

the biosensor including a substrate, a reagent, and cover; 

Rg. 7 is a bottom perspective view of the cover of Fig. 6; 

50 Rg. 8 is an end view of the biosensor of Rg. 6; 

Fig. 9 is a view taken along lines 9-9 of Fig. 6; and 

. Rg. 1 0 is a perspective view of a biosensor in accordance with another aspect of the invention. 

55 

Detailed Description of the Drawings 

[0009] A biosensor 10 in accordance with the present invention provides a cover with at least one channel carved 
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therein. The channel may be used in a variety of diagnostic biosensors including, for example, electrochemical and 
photometric sensors. The purpose of the channel is to provide precise fluidic channels for disposable diagnostic tests 
. . with high dimensional precision. Various aspects of the invention are presented in Figs. 1-9, which are not drawn to 
scale and wherein like components in the several views are numbered alike. 

s [0010] Figs. 1-5 illustrate an aspect of the invention in the form of an electrochemical biosensor 10 having a cover 
12, a bottom substrate 14, electrically conductive tracks 16,18, and a reagent 20 extending over a portion of tracks 
1 6, 1 8. Biosensor 1 0 is preferably rectangular in shape. It is appreciated, however, that biosensor 1 0 can assume any 
number of shapes in accordance with this disclosure. Biosensor 10 is preferably produced from rolls of material, how- 
ever, it is understood that biosensor 10 can be constructed from individual sheets in accordance with this disclosure. 

io Thus, the selection of materials for the construction of biosensor 1 0 necessitates the use of materials that are sufficiently 
flexible for roll processing, but which are still rigid enough to give a useful stiffness to finished biosensor 1 0. 
[001 1 ] Cover 1 2 of biosensor 1 0 includes a first surface 48 facing substrate 1 4 and an opposite second surface 50. 
See Figs. 1 -2. In addition, cover 1 2 has opposite ends 52, 54 and edges 56, 58 extending between ends 52, 54. End 
52 has a generally concave portion 60 that extends between edges 56, 58 in order to accommodate a user's finger. 

is Preferably, cover 12 is formed of a flexible polymer and preferably from a polymer such as a polyester. A non-limiting 
example of a suitable polymer is 7 mil thick ST505 MELINEX® polyester film commercially available from E.I. DuPont 
de Nemours, Wilmington, Delaware. Cover 12 is coupled to substrate 14 by a liquid adhesive. A non-limiting example 
of such an adhesive is EPO-TEK OH100-4 commercially available from Epoxy Technology, Billerica, MA. It is appre- 
ciated that cover 12 may be coupled to bottom substrate 14 using a wide variety of commercially available adhesrves 

20 in accordance with this disclosure. 

[0012] Additionally, as shown in Fig. 2, a flow channel 62 is carved in first surface 48 of cover 12. As used throughout 
the specification and claims, the term "carve" is defined as to make or get by cutting into a surface, thereby hollowing 
out a pre-determined space in that surface. Channel 62 extends between ends 52, 54. Channel 62 includes a first floor 
portion 36 and a second floor portion 38. In addition, opposite walls 46 extend from first floor portion 36 and opposite 

25 walls 40 extend from second floor portion 38. See Fig. 2. First floor portion 36 and walls 46 define a first portion 72 of 
channel 62 and second floor, portion 38 and walls 40 define a second portion 74 of channel 62, Walls 46 have a first 
height as shown by arrows 42 and walls 40 have a second height as shown by arrows 44. First height 42 is greater 
than the second height 44, so that a liquid sample traveling in channel 62 encounters increasing capillary forces as 
the sample enters second portion 74 of channel 62. Therefore, channel 62 facilitates movement of the liquid sample 

30 away from concave portion 60 and toward reagent 20 positioned spaced-apart from end 52. 

[0013] The height of walls 46 in first channel portion 36 is dependent upon the choice of the overall thickness of 
cover 12, but generally ranges from about 1 urn to about 150 urn. Preferably, the height of walls 46 is from about 75 
ujt> to about 120 urn, and most preferably about 84 um. The height of walls 40 in second channel portion 38 is also 
dependent upon the choice of the overall thickness of cover 12, but generally ranges from about 1 utn to about 75 um 

35 Preferably the height of walls 40 is from about 5 ujti to about 50 um, most preferably about 25 um. The channel portion 
38 is approximately 1000 um to about 4000 u/n wide, preferably about 2000 um to about 3000 urn wide, and most 
preferably about 2500 um wide. It is appreciated that channel 62 may be formed with a single height or width, or that 
it may have a variety of heights and widths in accordance with this disclosure so long as the channel meets the design 
goals for capillarity, meaning that the movement of the liquid sample is facilitated from portion 60 toward reagent 20. 

40 [0014] Cover 1 2 of biosensor 1 0 also includes secondary channels 64 carved on either side of flow channel 62. Each 
secondary channel 64 extends between ends 52, 54 and is defined by a floor 66 and walls 68 extending from floor 66. 
Walls 68 have a height that is less than the second height 44. In addition, an adhesive-dispense aperture 70 extends 
between floor 66 and surface 50. The height of walls 68 may also vary depending upon the overall thickness of cover 
12, but generally ranges from about 8 ujti to about 125 urn. Preferably, the height of walls 68 is from about 8 ujti to 

45 about 75 ujti, most preferably about 1 6um. It is appreciated that the shape and height of walls 68 may vary in accordance 
with this disclosure. Moreover, it is appreciated that cover 1 2 may be formed with greater or fewer than two secondary 
channels jn accordance with this disclosure. 

[0015] Bottom substrate 14 of biosensor 10 includes a first surface 22 that supports conductive tracks 16, 18 and 
an opposite second surface 24. See Figs. 3^4. In addition, substrate 14 has opposite ends 26, 28 and edges 30, 32 

so extending between ends 26, 28. See Fig. 1 . First end 26 includes a concave portion 76 that is formed with alignment 
with concave portion 60 of cover 12, to accommodate a user's finger. It is appreciated, however, that the design of 
portion 76 may vary in accordance with this disclosure. Bottom element 1 4 may be constructed from a wide variety of 
insulative materials. Non-limiting examples of insulative materials that provide desirable structural properties include 
glass, ceramics, vinyl polymers, polyimides, polyesters, and styrenics. Preferably, bottom element 14 is a flexible pol- 

55 ymer, such as a polyester or polyimide. A non-limiting example of a suitable material is 5 mil thick KALADEX® , a 
polyethylene naphthalate film commercially available from E.I. DuPont de Nemours, Wilmington, Delaware, which is 
coated with gold by LPKF Laser Electronic GmbH, of Garbsen, Germany. 

[0016] Biosensors 10 in accordance with the present invention are each formed to include a pre-defined reaction 
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area 78 where the sensing takes place. When the biosensor is electrochemical, the pre-defined area is an electro- 
chemical area that is located on a portion of the electrodes 16, 18. Referring now to Fig. 1 , biosensor 10 includes an 
electrochemical reaction area 78, which is defined as the area of electrodes where reagent 20 is located. Recesses 
34 are formed in substrate 1 4 of biosensor 1 0 and extend about area 78. It is appreciated that recesses 34 can take 

s on any number of shapes and sizes in accordance with this disclosure. The method of forming recesses in substrate 
. 14 is not limited. For example, the recesses may be formed by indenting, embossing, etching (e.g., using photolitho- 
graphic methods or laser removal of a portion of the base material), or otherwise deforming or removing a portion of 
the base material. For a further description of the laser removal of suitable recesses, see U.S. Patent Application No. 
09/684,257 entitled BIOSENSOR to Bhullar et al., which was filed in the U.S. Patent and Trademark Office on October 

10 6, 2000, the disclosure of which is expressly incorporated herein by reference. 

[0017] As shown in Fig. 1 , electrically conductive tracks 16,18 are created or isolated on first surface 24 of bottom 
element 14. Tracks 16, 18 represent the electrodes of biosensor 10. As used herein, the phrase "electrode set" is a 
set of at least two electrodes, for example 2 to 200, or 3 to 20, electrodes. These electrodes may, for example, be a 
working electrode and an auxiliary electrode. Tracks 16, 18 cooperate to form an interdigitated electrode array 80 

is positioned within the periphery of recesses 34 and leads 82 that extend from array 80 and between recesses 34 toward 
end 28. 

[0018] Tracks 16, 18 are constructed from electrically conductive materials. Non-limiting examples of electrically- 
conductive materials include aluminum, carbon (such as graphite), cobalt, copper, gallium, gold, indium, iridium, iron, 
lead, magnesium, mercury (as an amalgam), nickel, niobium, osmium, palladium, platinum, rhenium, rhodium, seleni- 
20 urn, silicon (such as highly doped polycrystalline silicon), silver, tantalum, tin, titanium, tungsten, uranium, vanadium, 
zinc, zirconium, mixtures thereof, and alloys, oxides, or metallic compounds of these elements. Preferably, tracks 
include gold, platinum, palladium, iridium, or alloys of these metals, since such noble metals and their alloys are un- 
reactive in biological systems. Most preferably, track 1 6 is a working electrode made of gold, and track 1 8 is an auxiliary 
electrode that is also made of gold and is substantially the same size as the working electrode. 
25 '[0019] Tracks 16, 18 are isolated from the rest of the electrically conductive surface by laser ablation. Techniques 
for forming electrodes on a surface using laser ablation are known. See, for example, U.S. Patent Application No. 
09/411,940, filed October 4, 1999, and entitled "LASER DEFINED FEATURES FOR PATTERNED LAMINATES AND 
ELECTRODE", the disclosure of which is expressly incorporated herein by reference. Tracks 16, 18 are preferably 
created by removing the electrically conductive material from an area extending around the electrodes. Therefore, 
30 tracks 16,18 are isolated from the rest of the electrically-conductive material on substrate 1 4 by a gap having a width 
of about 25 um to about 500 urn, preferably the gap has a width of about 100 u,m to about 200 urn. Alternatively, it is 
appreciated that tracks 16,18 may be created by laser ablation alone on bottom substrate 1 4. Further, tracks 16,18 
may be laminated, screen-printed, or formed by photolithography in accordance with this disclosure. 
[0020] Multi-electrode arrangements are also possible in accordance with this disclosure. For example, it is contem- 
ns plated that a biosensor may be formed that that includes an additional electrically conductive track (not shown). In a 
three-electrode arrangement, the first track is a working electrode, the second is a counter electrode, and the third 
electrode is a reference electrode. It is also appreciated that an alternative three-electrode arrangement is possible 
where tracks are working electrodes and a third electrode is provided as an auxiliary or reference electrode in accord- 
ance with this disclosure. It is appreciated that the number of tracks, as well as the spacing between tracks in array 
^0 80 may vary in accordance with this disclosure and that a number of arrays may be formed as will be appreciated by 
one of skill in the art. 

[0021] Reagent 20 provides electrochemical probes for specific analytes and is applied onto bottom substrate 14 
such that reagent 20 covers array 80. The choice of specific reagent 20 depends on the specific analyte or analytes 
to be measured, and are well known to those of ordinary skill in the art. An example of a reagent that may be used in 

45 biosensor 10 of the present invention is a reagent for measuring glucose from a whole blood sample. A non-limiting 
example of a reagent for measurement of glucose in a human blood 4 sample contains 62.2 mg polyethylene oxide 
(mean molecular weight of 100-900 kilo Daltons), 3.3 mg NATROSOL 244M, 41.5 mg AVICEL RC-591 F, 89.4 mg 
monobasic potassium phosphate, 157.9 mg dibasic potassium phosphate, 437.3 mg potassium ferricyanide, 46.0 mg 
sodium succinate, 148.0 mg trehalose, 2.6 mg TRITON X-100 surfactant, and 2,000 to 9,000 units of enzyme activity 

so per gram of reagent. The enzyme is prepared as an enzyme solution from 12.5 mg coenzyme PQQ and 1 .21 million 
units of the apoenzyme of quinoprotein glucose dehydrogenase. This reagent is further described in U.S. Patent No. 
5,997,81 7, the disclosure of which is expressly incorporated herein by reference. 

[0022] When hematocrit is to be determined, the reagent includes oxidized and reduced forms of a reversible elec- 
troactive compound (potassium hexacyanoferrate (III) (ferricyanide") and potassium hexacyanoferrate (II) (ferrocy- 
55 anide"), respectively), an electrolyte (potassium phosphate buffer), and a microcrystalline material (Avicel RC-591 F - 
a blend of 88% microcrystalline cellulose and 12% sodium carboxymethyl-cellulose, available frorri FMC Corp.). Con- 
centrations of the components within the reagent before drying are as follows: 400 millimolar (mM) ferricyanide, 55 
mM ferrocyanide, 400 mM potassium phosphate, and 2.0% (weight: volume) Avicel. A further description of the reagent 
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for a hematocrit assay is found in U.S. Patent No. 5,385,846, the disclosure of which is expressly incorporated herein 
by reference. 

[0023] Non-limiting examples of enzymes and mediators that may be used in measuring particular analytes in sensor 
1 0 of the present invention are listed below in Table 1 . 

TABLE 1 





Analyte 


Enzymes 


Mediator (Oxidized Form) 


Additional Mediator 


10 


Glucose 


Glucose Dehydrogenase 


Ferricyanide 






Glucose 


Glucose-Dehydrogenase 
(Quinoprotein) 


Ferricyanide 




15 


Cholesterol 


Cholesterol Esterase and 
Cholesterol Oxidase 


Ferricyanide 


2,6-Dimethyl- 

1 .4- Benzoquinone - 

2.5- Dichloro- 

1 ,4-Benzoquinone or 
Phenazine Ethosulfate 


20 


HDL Cholesterol 


Cholesterol Esterase and 
Cholesterol Oxidase 


Ferricyanide 


2,6-Dimethyl- 

i ,*f-Denzoqumone 

2,5-Dichloro- 

1 ,4-Benzoquinone or 

Phenazine Ethosulfate 


25 


Triglycerides 


Lipoprotein Lipase, 
oiyoeroi rvindse, ana 
Glyceroi-3-Phosphate 
Oxidase 


Ferricyanide or Phenazine 
tinosLurate 


Phenazine Methosulfate 


30 


Lactate 


Lactate Oxidase 


Ferricyanide 


2,6-Dichlorb- 

1 ,4-Benzoquinone 




Lactate 


Lactate Dehydrogenase 
and Diaphorase 


Ferricyanide Phenazine 
Ethosulfate, or Phenazine 
Methosulfate 




35 


Lactate Dehydrogenase 


Diaphorase 


Ferricyanide 


Phenazine Ethosulfate, or 
Phenazine Methosulfate 




Pyruvate 


Pyruvate Oxidase 


Ferricyanide 






Alcohol 


Alcohol Oxidase 


Phenylenediamine 




40 


Bilirubin 


Bilirubin Oxidase 


1 -Methoxy-Phenazine 
Methosulfate 






Uric Acid 


Uncase 


Ferricyanide 





45 [0024] In some of the examples shown in Table 1 , at least one additional enzyme is used as a reaction catalyst. Also, 
some of the examples shown in Table 1 may utilize an additional mediator, which facilitates electron transfer to the 
oxidized form of the mediator. The additional mediator may be provided to the reagent in lesser amount than the 
oxidized form of the mediator. While the above assays are described, it is contemplated that current, charge, imped- 
ance, conductance, potential, or other electrochemically indicated property of the sample might be accurately correlated 

50 to the concentration of the analyte in the sample with biosensor 1 0 in accordance with this disclosure. 

[0025] A plurality of biosensors 1 0 are typically packaged in a vial, usually with a stopper formed to seal the vial. It 
is appreciated, however, that biosensors 10 may be packaged individually, or biosensors can be folded upon one 
another, rolled in a coil, stacked in cassette magazine, or packed in a blister packaging. 
[0026] Biosensor 1 0 is used in conjunction with the following: 

55 

1 . a power source in electrical connection with tracks 16, 1 8 and capable of supplying an electrical potential dif- 
ference between the electrodes sufficient to cause diffusion limited electro-oxidation of the reduced form of the 
mediator at the surface of the working electrode; and 
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2. a meter in electrical connection with tracks 16,18 and capable of measuring the diffusion limited current produced 
by oxidation of the reduced form of the mediator with the above-stated electrical potential difference is applied. 

[0027] The meter will normally be adapted to apply an algorithm to the current measurement, whereby an analyte 

5 concentration is provided and visually displayed. Improvements in such power source, meter, and biosensor system 
are the subject of commonly assigned U.S. Pat. No. 4,963,814, issued Oct. 16, 1 990; U.S. Pat. No. 4,999,632, issued 
Mar. 12, 1991 ; U.S. Pat. No. 4,999,582, issued Mar. 12, 1991 ; U.S. Pat. No. 5,243,516, issued Sep. 7, 1993; U.S. Pat. 
No. 5,352,351 , issued Oct. 4, 1 994; U.S. Pat. No. 5,366,609, issued Nov. 22, 1 994; White et at., U.S. Pat. No. 5,405,51 1 , 
issued Apr. 11, 1995; and White et al., U.S. Pat. No. 5,438,271, issued Aug. 1, 1995, the disclosures of which are 

10 expressly incorporated herein by reference. 

[0028] Many fluid samples may be analyzed. For example, human body fluids such as whole blood, plasma, sera, 
lymph, bile, urine, semen, cerebrospinal fluid, spinal fluid, lacrimal fluid and stool specimens as well as other biological 
fluids readily apparent to one skilled in the art may be measured. Fluid preparations of tissues can also be assayed, 
along with foods, fermentation products and environmental substances, which potentially contain environmentalcon- 

15 taminants. Preferably, whole blood is assayed with this invention. 

[0029] After reaction is complete, a power source (e.g., a battery) applies a potential difference between electrodes. 
When the potential difference is applied, the amount of oxidized form of the mediator at the auxiliary electrode and the 
potential difference must be sufficient to cause diffusion -limited electro-oxidation of the reduced form of the mediator 
at the surface of the working electrode. A current measuring meter (not shown) measures the diffusion-limited current 

20 generated by the oxidation of the reduced form of the mediator at the surface of the working electrode. The measured 
current may be accurately correlated to the concentration of the analyte in sample when the following requirements 
are satisfied: 

1 . The rate of oxidation of the reduced form of the mediator is governed by the rate of diffusion of the reduced form 
25 of the mediator to the surface of the working electrode. 

2. The current produced is limited by the oxidation of reduced form of the mediator at the surface of the working 
electrode. 

30 [0030] To manufacture biosensor 10 a roll of metallized film is fed through guide rolls into an ablation/washing and 
drying station. A laser system capable of ablating substrate 14 is known to those of ordinary skill in the art. Non-limiting 
examples of which include excimer lasers, with the pattern of ablation controlled by mirrors, lenses, and masks. A non- 
limiting example of such a system is the LPX-300 or LPX-200 both commercially available from LPKF Laser Electronic 
GmbH, of Garbsen, Germany. 

35 [0031] In the laser ablator, the metallic layer of the metallized film is ablated in pre-determined patterns, to form a 
ribbon of isolated electrode sets. The metallized film is further ablated, after the isolated electrode sets are formed to 
create recesses 34 positioned adjacent to each electrochemical area. The ribbon is then passed through more guide 
rolls, with a tension loop and through an optional optical or electrical inspection system. This inspection system is used 
for quality control in order to check for defects. 

40 [0032] Reagent 20 is compounded and applied in a liquid form to the 'center of the electrochemical area at a dis- 
pensing and drying station. Reagent application techniques are well known to one of ordinary skill in the art as described 
in U.S. Patent No. 5,762,770, the disclosure of which is expressly incorporated herein by reference. It is appreciated 
' that reagent may be applied to the electrochemical area in a liquid or other form and dried or semi-dried onto the center 
of the electrochemical the electrochemical area in accordance with this disclosure. 

45 [0033] In addition, a roll of cover material is fed into a laser ablator system as described above. In the laser ablator, 
the cover material is ablated in pre-determined channel patterns to form a ribbon of channel sets. Each channel set 
includes a flow channel 62 that is ablated to a depth of about 84 ym at first floor portion 36 and 1 6 uxn at second floor 
portion 38. In addition, each channel set includes secondary channels 64 that are each ablated to a depth of about 1 6 
jim. 

50 [0034] The cover material is then fed into a punching station where adhesive-dispense aperture 70 is punched 
through each secondary channel 64. 

[0035] The ribbon of channel sets is unwound and fed into a sensor assembly station along with the reagent-coated 
bottom substrate. Cover 12 is placed on substrate 14 to cover reagent 20. Next, adhesive is dispensed through each 
aperture 70 into the secondary channels 64 while the cover 1 2 and substrate 1 4 are being compressed. It is appreciated 
55 that a number of commercially available dispense units may be used to apply the adhesive into apertures 70 in ac- 
cordance with this disclosure. The assembled and time-cured material is then cut to form individual biosensors 10, 
which are sorted and packed into vials, each closed with a stopper, to give packaged sensor strips. 
[0036] Although ablating channels 62, 64 is described herein, it is appreciated that the method of carving channels 
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62, 64 in cover 1 2 is also not limited. For example, the channels may be carved by etching (e.g. , using photolithographic 
methods) or otherwise removing a portion of the surface of cover 12. In addition, the dimensions of the channels can 
vary based on the amount of sample to be analyzed and the surface area of the testing area. 
[0037] The processes and products described above include disposable biosensor, especially for use in diagnostic 
5 devices. Also included, however, are electrochemical sensors for non-diagnostic uses, such as measuring an analyte 
in any biological, environmental, or other sample. As discussed above, biosensor 1 0 can be manufactured in a variety 
of shapes and sizes. 

[0038] In use, a user of biosensor 10 places a finger on concave ends 60, 76. Capillary forces pull a liquid sample 
from ends 60, 76 through first portion 72 of channel 62. Walls 46 in first portion 72 of channel 62 converge as they 

10 approach second portion 74, increasing the capillary forces applied to the liquid sample. Thus, the liquid sample passes 
through the converging first portion 72 and encounters second portion 74 of channel 62 and reagent 20. Liquid sample 
dissolves reagent 20 and engages electrode array 78, where the electrochemical reaction takes place. 
[0039] Referring now to Figs. 6-9, biosensor 1 1 0 is provided in accordance with this invention. Biosensor 1 1 0 includes 
a cover 1 1 2, bottom substrate 1 1 4, and reagent 20. Biosensor 1 1 0 is preferably rectangular in shape. It is appreciated, 

15 however, that biosensor 110 can assume any number of shapes in accordance with this disclosure. Biosensor 110 is 
preferably produced from rolls of material. Thus, the selection of materials for the construction of biosensor 110 ne- 
cessitates the use of materials that are sufficiently flexible for roll processing, but which are still rigid enough to give a 
. useful stiffness to finished biosensor 110. 

[0040] Cover 1 1 2 of biosensor 1 1 0 includes a first surface 1 48 facing substrate 1 1 4 and an opposite second surface 
20 150. See Figs. 6-7. In addition, cover 112 has opposite ends 152, 154 and edges 156, 158 extending between ends 
1 52, 1 54. End 1 52 has a generally concave portion 1 60 that extends between edges 1 56, 1 58 in order to accommodate 
a user's finger. Cover 112 is preferably a polyester, a non-limiting example of which is 7 mil thick ST505 MELINEX® 
polyester film commercially available from E.I. DuPont de Nemours, Wilmington, Delaware. 

[0041] Substrate 1 1 4 is similar to substratel 4, except that, upon assembly of biosensor 1 1 0, surface 22 is not com- 
25 pletely coated with an electric conductor. Instead, surface 22 is exposed between about electrodes 1 6, 1 8. See, Fig. 6. 
[0042] Cover 1 1 2 is coupled to substrate 1 1 4 by an adhesive 1 1 6 that is coated on either substrate 1 1 4 or cover 112. 
Adhesive is preferably an adhesive as described above with reference to biosensor 10 or a thermoset adhesive. A 
non-limiting example of a suitable thermoset adhesive is a mixture of 95% wt7wt. of Item #38-868 polyurethane and 
5% wt./wt. Item #38-8569 isocyanate both commercially available from National Starch& Chemical, a Member of ICI 
30 Group, Bridgewater, NJ. It is appreciated that cover 112 may be coupled to bottom substrate 114 using a wide variety 
of commercially available adhesives as well as heat sealing, or ultrasonic methods of joining cover 112 and substrate 
may be used to couple cover 112 and substrate 114 together in accordance with this disclosure. 
[0043] Additionally, as shown in Fig. 7, a flow channel 162 is carved in first surface 148 of cover 112. Channel 162 
extends between ends 152, 154. Channel 162 includes a first floor portion 136 and a second floor portion 138 define 
35 channel 162. Opposite wails 146 extend from first floor portion 136 and opposite walls 140 extend from second floor 
portion 138. First floor portion 136 and walls 146 define first portion 172 of channel and second floor portion 138 and 
walls 1 40 define second portion 1 74 of channel 1 62. 

[0044] Walls 140 that extend from first floor portion 136 have a first height as shown by arrows 142 and walls 140 
extending from second floor portion 138 have a second height as shown by arrows 144. First height 142 is greater 

40 than the second height 1 44, so that a liquid sample traveling in channel 1 62 encounters a greater capillary force as it 
enters second portion 174 of channel 162. Therefore, channel 162 acts to draw the liquid sample away from concave 
portion 160 and toward reagent 20 positioned spaced-apart from end 152. The height and width of first and second 
channel portions 136, 138 is similar to that of respective first and second portions 36, 38 of channel 38. It is appreciated 
that channel 162 may be formed with a single height, or that it may have a variety of heights in accordance with this 

45 disclosure. 

. [0045] To manufacture biosensor 110a roll of metallized film is fed through guide rolls into an ablation/washing and 
drying station as described above with reference to biosensor 1 0. In the laser ablator, the metallic layer of the metallized 
film is ablated in pre-determined electrode patterns, to form a ribbon of electrode sets. The metallized film is further 
ablated to create recesses 34 positioned adjacent to each electrochemical area. The ribbon may be optically or elec- 
50 trically inspected as described above with reference to biosensor 10. Reagent 20 is dispensed on substrate 114 as 
described above with reference to biosensor 1 0. Additionally, the thermoset adhesive is coated substrate 1 1 4 on either 
side of area78. It is appreciated that a number of commercially available dispense units may be used to apply the 
adhesive onto substrate 114 in accordance with this disclosure. 

[0046] Further, a roll of cover material is fed into a laser system as described above with reference to biosensor 1 0. 
55 in the laser ablator, the cover material is ablated to form a row of spaced-apart channels 162. Each channel 162 is 
ablated to a depth of about 84 jim at a first floor portion 36 and 1 6 \im at a second floor portion 38. The cover material 
with spaced-apart rows of channels 162 is unwound and fed into a sensor assembly station along with the ribbon of 
reagent-coated bottom substrates. 
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[0047] The cover material is aligned with the ribbon of reagent-coated bottom substrates so that each cover 112 
extends across each reagent 20. Next, a hot iron (not shown) of appropriate desirable shape and size is placed upon 
surface 150 of each cover 112 on either side of channel 162 to couple cover 112 and substrate 114 together. The 
assembled material is then cut to form individual biosensors 110, which are sorted and packed into vials, each ciosed 
5 with a stopper, to give packaged sensor strips. 

[0048] The method of carving channel 1 62 in cover 1 1 2 is also not limited. For example, the channels may be carved 
by etching (e.g., using photolithographic methods) or otherwise removing a portion of the surface of cover 12. In ad- 
dition, the dimensions of the channels can vary based on the amount of sample to be analyzed and the surface area 
. of the testing area. 

10 [0049] The processes and products described above include disposable biosensor, especially for use in diagnostic 
devices. Also included, however, are electrochemical sensors for non-diagnostic uses, such as measuring an analyte 
in any biological, environmental, or other sample. As discussed above, biosensor 1 1 0 can be manufactured in a variety 
of shapes and sizes. 

[0050] In use, a user of biosensor 110 places a finger on concave ends 1 60, 76. Capillary forces pull a liquid sample 
15 from ends 1 60, 76 through first portion 1 72 of channel 1 62. Walls 146 in first portion 1 72 of channel 1 62 converge as 

they approach second portion 1 74, increasing the capillary forces applied to the liquid sample. Thus, the liquid sample 

passes through the converging first portion 172 and encounters second portion 174 of channel 162 and reagent 20. 

Liquid sample dissolves reagent 20 and engages electrode array 1 78, where the electrochemical reaction takes place. 

[0051] As shown in Fig. .1 0, a biosensor 21 0 is provided in accordance with another aspect of the present invention. 
20 Biosensor 21 0 includes a cover 21 2, a bottom substrate 214, and reagent 20. Biosensor 21 0 is preferably rectangular 

in shape and formed from materials that are similar to biosensors 1 0 and 11 0. 

[0052] Cover 21 2 of biosensor 21 0 includes a flow channel 262 that is carved in first surface 48. Flow channel 262 
extends between an opening 264 and an air vent 266. Substrate 21 4 supports tracks 1 6, 1 8 and reagent 20. Electrode 
array 78 and the reagent that covers array 78, is positioned to lie within channel 262 between opening 264 and air 
25 vent 266. Channel 262 is formed to have two floor portions having heights that are similarto channel 1 0. It is appreciated 
that channel 262 may be formed with a single height, or that it may have a variety of heights in accordance with this 
disclosure. 

[0053] To manufacture biosensor 21 0 electrodes 1 6, 1 8 are formed on substrate 214, reagent 20 is applied to elec- 
trodes 1 6, 18 and thermoset adhesive is coated on substrate 214 in a manner similar to that described above with 

30 reference to biosensor 110. 

[0054] Further, a roll of cover material is fed into a laser system as described above with reference to biosensor 1 0. 
In the laser ablator, the cover material is ablated to form a row of spaced-apart channels 262. Each channel 262 is 
ablated to a depth of about 84 urn at a first floor portion 36 and 1 6 pin at a second floor portion 38. The cover material 
with spaced-apart rows of channels 262 is unwound and fed into a sensor assembly station along with the ribbon of 

35 reagent-coated bottom substrates. 

[0055] The cover material is aligned with the ribbon of reagent-coated bottom substrates so that each cover 212 
extends across each reagent 20. Next, a hot iron (not shown) of appropriate desirable shape and size is placed upon 
surface 50 of each cover 212 on either side of channel 262 to couple cover 212 and substrate 214 together. The 
assembled material is then cut to form individual biosensors 210, which are sorted and packed into vials, each closed 

<o with a stopper, to give packaged sensor strips. 

[0056] The method of carving channel 262 in cover 212 is also not limited. For example, the channels may be carved 
by etching (e.g., using photolithographic methods) or otherwise removing a portion of the surface of cover 212. In 
addition, the dimensions of the channels can vary based on the amount of sample to be analyzed and the surface area 
of the testing area. 

45 [0057] The processes and products described above include disposable biosensor, especially for use in diagnostic 
devices. Also included, however, are electrochemical sensors for non-diagnostic uses, such as measuring an analyte 
in any biological, environmental, or other sample. As discussed above, biosensor 21 0 can be manufactured in a variety 
of shapes and sizes. 

[0058] Although the invention has been described in detail with reference to a preferred embodiment, variations and 
50 modifications exist within the scope and spirit of the invention as described and defined in the following claims. 

Claims 

55 1. A biosensor comprising: 
a substrate; 

a reagent positioned on the substrate, and 
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a cover including a first surface coupled to the substrate and a second surface, the first having a flow channel 
carved therein, the flow channel being aligned with at least a portion of the reagent 

2. The biosensorof claim 1, wherein the cover includes opposite ends and the flow channel extends between theends. 

5 

3. The biosensor of claim 2, wherein the channel includes a first portion having a first height and a second portion 
having a second height that is less than the first height. 

4. The biosensor of claim 3, wherein the first portion includes side walls that converge from one of the ends toward 
10 the second portion of the flow channel. 

5. The biosensor of claim 2, wherein the first portion includes side walls that converge from one of the ends toward 
the second portion of the flow channel. 

15 6. The biosensor of claim 5, wherein the reagent is aligned with the second portion of the flow channel. 

7. The biosensor of claim 1 , wherein the first surface of the cover is formed to include secondary channels. 

8. The biosensor of claim 7, wherein the secondary channels lie on opposite sides of the flow channel. 



20 
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35 



40 



45 



50 



55 



9. The biosensor of claim 7, wherein the secondary channels are each defined by a floor and a wall extending from 
the floor and the floor is formed to include an aperture. 

10. The biosensor of claim 7, further comprising an adhesive positioned in the secondary channels. 

11. The biosensor of claim 1 , further comprising electrodes positioned on the substrate and wherein the channel ex- 
tends across at least a portion of the electrodes. 

12. A biosensor comprising: 

a substrate; 

a reagent positioned on the substrate; and 

a cover including opposite ends, a first surface coupled to the substrate, and a second surface, the first surface 
having a flow channel carved therein, the flow channel extending between the opposite ends. 

13. The biosensor of claim 12, further comprising electrodes positioned on the substrate and the channel extends 
across at least a portion of the electrodes. 

14. The biosensor of claim 13, wherein the cover is formed to include secondary channels. 

15. The biosensor of claim 14, wherein the secondary channels are spaced-apart from the electrodes. 

16. The biosensor of claim 12, wherein the channel includes a first portion having a first height and a second portion 
having a second height that is less than the first height. 

17. The biosensor of claim 16, wherein the first portion includes walls that converge toward the second portion of the 
flow channel. 

18. A method of forming a biosensor, the method comprises the steps of; 

providing a substrate and a cover having first and second surfaces, 
applying a reagent onto the substrate to define a reaction zone, 
carving a channel in the first surface of the cover, and 

coupling the cover on the substrate so that the channel extends over at least a portion of the reagent. 

19. The method of claim 18, wherein the channel is carved by laser ablation. 

20. The method of claim 18, further comprising the step of forming an electrode set in the reaction zone. 
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